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metallic, such as copper, steel, cast iron, 
aluminum or lead, or may be of glass or 

25 other non-metallic material. The cavity and 
liner are usually conical, hemispherical-, or 
conforming .to other surfaces of revolution 
about the longitudinal axis of .the charge. 
Provision is made for initiating detonation of 

30 the charge on its axis at its rearward end. 
Upon detonation' f a conventional shaped 
charge, a detonation front advances through 
the charge in the direction of its major axis 
and impinges on the liner. By virtue of the 

35 extremely high particle velocities and pres- 
sures prevailing in .the detonadon front, the 
major portion of the Kner is dynamically ex- 
truded in a pencil-like jet along the charge 
axis at extremely high velocity. 

40 'Because of the great penetrating power of 
this high-veiocity jet, many applications, both 
military and industrial, of the shaped charge 
have been developed. An outstanding example 
of an industrial. application is in the perfora- 

45 tion of well casing and subterranean forma- 
tions surrounding oil, gas and water wells. 
Since its original development as a military 




other theories (plasuc d'etormation ana orrme /v 
fracture) so .that when- one considers that it is 
possible .to have ,the formation of .the jet follow 
any one of three mechanisms, plus all possible 
combinations of .these, it is not surprising that 
much confusion has resulted. 75 

The problem is further complicated by the 
fact that there are no independent variables. 

■It is generally recognized that the size, 
shape and composition and thickness of case 
surrounding it, the shape, thickness, and com- 80 
position of !the liner, stand-off distance, 
method of detonation of .the charge, shaping of 
die detonation front, and the angle that the 
detonation front makes with the surface of the 
liner are all known to materially affect the 85 
performance of shaped charges. 

There is, however, not a single one of these 
variables which can be considered to be an 
independent variable. On the contrary, the 
changing of any one of them changes an un- 90 
known number of die others, usually by an 
undetermined amount, so .chat without a rather 
clear understanding of .the detonation process 
and the possible mechanisms of jet formation, 
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We, BorgwWarnbr Corporation, a cor- 
poration organised under .the laws of the Sitate 
of litems. United States of America, of 310 

-United Spates of America, and Welex 

SJ r^r? Sj ^ ? ««PWWfiw» organised 
under the laws of the State of Delaware, 
United- Slates of America of 1400 'East Berrv 
W Fort Worth, Texas, United States 0 f 
America, do hereby declare the invention, for 
winch we pray «hat a paitent may be enacted 
unto us, and the method by which, it d s t0 be 
performed, to fee particularly described in 
and by .the following statement: — 

This invention relates generally' to 
explosive devices and is directed particularly 

shaped charge," aS used herein and as gener- 
ally employed m the ant of explosives, desig- 
nates a charge of high explosive having a 
cavity, m its forward end which is lined with 
a teyer of inert material. The liner may be 
metallic, such as ■ copper,, steel, cast iron, 
aluminum or lead, or may be of glass or 
other non-metallic material. The cavity and 
liner are usually conical, hemispherical-, or 
confprmmg to other surfaces of revolution 
about the longitudinal axis of the charge 
Provision is made for mitiating detonation of 
the charge on its axis at its .rearward end. 

'Upon detonation f a conventional shaped 
charge, a detonation, front advances through 
the charge in .the direction of its major axis 

IviJZT 1 ^, 00 *? &er - B y of the 

extremely high paittuole velocities and pres- 
sures, prevailing in- ,the detonation front; the 
major pomon of the Infer is dynamically ex- 
truded jn^pencil-like jet along the charge 
axis at extremely high velocity 
AtfS* ? f .great Jienetrating power of 
this mgh-veloaty ,et, many, applications, both 
mfttary and industrial, of .the shaped charge 
have been developed. An outstanding example 
of an industrial .application is in .the perfora- 
tion of well casing a nd subterranean, forma- 

»5 «^ ■** "^ Us - 
QMCe^or ^mgl deve lopment as. a military 



weapon, the shaped charge hais been the sub- 
jectof extensive research, both analytical and 
experimental. For the most pant, esperimenital 
research has been confined .to cut-and-try pro- 
cedures, and analytical research has been con- 
toed , to , the study of experimental, data and 
the development of theories of the mechanism 
«jet fomatron which are consistent with and 
attempt to explain -such data. Many conflict- 
ing and erroneous theories and explanations 
ot the mechanism of jet formation have been 
advanced 

r ^edHriism. of jet formation from a 
toed holow charge is very complex, and 
■there is probably no single explanation that 
will explain all of ,the experimental results 
to the exclusion' of at other proposed theories, 
ihe most widely publicized mechanism is 
referred «o as .the hydrodyaamic flow mech- 
^Applied Physics 19/ 
563—1948). There are extensive experi- 
mental resute^to substantiate at least two 
other theories (plastic deformation and brittle 
fciaciaire) so. .that when one considers (that it is 
possible to have .the formation of .the jet fallow 
any one of three mechanisms, plus ail possible 
comtaaitoons of .these, it is not suiprisinR .that 
much confusion has resulted. " 

The problem is further complicated by the 
fact that -there are no independent variables 
'It is. generally recognized that the size, 
shape and composition and. thickness of case 
surrounding it, the shape, tinckaess, and com- 
position of the feer, stand-off distance, 
method of detonation of the charge, shaping of 
the detonation front, , and- .me angle that the 
detonaition front makes with the surface of the 
taer are all known- ,to materially affect the 
performance of shaped charges. 

There is, however, not a single one of these 
valuables wbjth o&. be considered to be an' 
independent variable. On .die conoary, '.the 
c^angjng of jany one of them changes an un- 
known .number, of. die others, usually by an 
undetermined amount,, so tiiat .without a rather 
clear understanding of .die detonation, process 
anct the possible mechanisms of Jet formation,' 
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It is impossible to predict die performance of 
•i new design of shaped charge. It is not sur- 
prising, rtherefore, that most of the develop- 
ment work ito date has -been conducted on 
5 a cut-and-try basis with usualy very discourag- 
ing and inconclusive resutts.- 

To. develop a set of rules. for the design 
of an effective lined shaped cibarge based on 
so many interdependent variables would, of 
10 course, be ampossible. A fund'amenital study of 
the detonation process and the mechanism 
whereby a mental- liner is given- its velocity when, 
an explosive in contact with it is detonated, 
was therefore imdentaken." In this manner a 
15 few least common denominators have been 
obtained which provide some useful design 
parameters. - ■ 

From this-it has been possible to evaluate the 
relanaqns between -the shape, of itfie detonation 
20 front and-'the M^flation vdocdty,.and .the rela- 
tion between the deitonation velocity and the 
dkonation pressure. SlM. fratfiber situdies.of 
•the detonation process permit an evaluation 
of the factors controlling .the duration of the 
25 pressure associated., with the detonation, riro- 
cess. This*, pressure and its duration provide 
a means of determining the impulse feparted 
to .the liner. This, coupled with, the design of 
the lliner, provides a means for determining ithe 
30 direction 1 and velocity of ..the motion "imparted 
to the various elements of .the liner. Thus, it 
has been possible to better understand the 
complexity of jet formation and- its control* 
which has resulted in the : invention and 
35 development of a* basis design of a shaped 
charge haying vastly improved performance 
' characteristics. ; - " 

In .the -usual cut-and-try procedure .there has 
been but little, if. any, basic information on 
40 which to arrive at a modification of the con 1 - 
struction of a charge, nor was there- any basis 
for knowing whether the change in perform- 
ance was a result- of the variable which was 
intentionally changed or whether one <rf the 
45 dependent variables dominated any change 
tiiere may have been in performance. It was 
therefore a matter of changiing an unknown 
number of variables by an ^determinate 
amount to produce an accumulative effect that 
50 may be positive or negative. ■ ... 
. * «From a knowledge of jet penetration it is 
•possible to specify certain desirable properties 
. of a. jet and, witir .this as a basis, to establish 
many of the requirements for a jet-producing 
55 mechanism and through that to produce an 
effective charge design, * * ^ 
- iFor good performance, ^the material in .the 
jet should* be concentrated into' a compact, 
straight -line jet of material 'moving at high/ 
60 velocity and having hi^ deirsity. l^ere should 
be a- -maximum range in' material vellocity in 
(the" jet consistent with its having die highest 
attainable material velocity at '.the forward aid 
of {he jet, and decreasing at a reasonably urri- 
65 form rate over $he length .of the jet to the 



rriim'mnm velocity that will produce effective 
penetration. ... 

The necessity for this spread' in jet velocity 
is to permit each element of the jet. .to com- 
plete its penetration of the target before the 70 
following element strikes the target. 

Other things being equal, an increase in 
velocity of .the forward end of -the jet will in- 
crease the penetration of .the jet. This is a 
very important factor since the percentage in- 75 
crease in penetration greatly exceeds the per- 
centage increase in jet velocity necessary to 
produce it. . 

It is entirely possible that an increase m the 
average velocity of .the material in the jet 80 
may reduce the penetration if .that increase in 
velocity occurs primarily at the after-portion 
of .the jet. In such a case each element of 
the jea: would he striking the target before 
ihe preceding element had completed its pene- ©5 
tration, and ite.piHng-up effect may cause a 
large decrease in depth of penetration of as. 
much as .75 percent; with only a minor in- 
crease in hole diameter. The extent to which 
the after-end of ,the jet can have its velocity 90 
increased is determined by the ability of each 
preceding element flo complete its penetration. 
In order ,to obtain maximum penetration, the 
forward end of the jet should have, ithe map- 
mum obtainable velocity and each successive io 
dement should have .the maximum velocity 
consistent with permitting the preceding 
element to complete its maximum penetration 
of .the .target before the succeeding element 
strikes. 100 

With such specifications set up for an effec- 
tive jet, it then becomes a matter of selecting 
the mechanism of jet formation and the charge^ 
design which will best lend itself to the pro- 
duc&on of such a jet. „ 105 

While it is possible to design a lined shaped 
charge operating by a mechanism of jet for- 
mation whereby .the high velocity forward end 
of the Jet originates from the base of the 
liner, such a design does not permit taking HO 
advantage of certain novel features of the 
present invention, 

(From experimentation in which a conven- 
tional charge was modified in such a manner 
as -to increase the velocity of the after-end 115 
of the jet by only a small amount, it was 
found that an appreciable decrease in pene- 
fetion resulted. From this it was obvious that 
if any appreciable increase in penetration was 
to be accomplished, it Would, have to " be 1Z0 
.through an increase in- the velocity of the for- 
ward end of the jet. This meant devising 
techniques -for increasing the velocity imparted 
to the oietai of .the apex of the liner. - 
■Numerous : attempts have been- madfe^to do 12- 
this by means of peripheral" detonation of 
she charge with generally unsatisfactory 
results, either because of the requirement of 
an excessive- quantity of "explosive or, if the 
quantity of explosive were reduced, because 131 
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die meeting of die converging detonation front " 
over the apex of the liner would blast a hole 
through die liner along its axis and. .disrupt 
•its normal jet (formation. It is our discovery, 

5 however,, that if the inert barrier- by which' 
peripheral detonation is generated is .so con- 
structed as to permit a delayed detonation to 
occur .through its ceetnaiL portion, dien instead 
of the converging peripheral detonation front 

10 meeting at the centre and blasting a? hole 
through (the apex of she liner, it win .meet 
the delayed expanding, detonation front in- a 
oircular area generally suraiounding the apex 
■ . of the liner and a- generally spherical con- 

15 cave detonation front as devdoped which en- 
velops die apex of the fliner dxi . a pressure 
manifold .the sum of the pressures in die *wo 
detonation fronts. 
Thus the forward end of .the jet acquires 

20 a* velocity far -in excess of that produced by 
the conventional expanding spherical detona- 
tion front produced 'by smjgjle^poinit initiation. 
*Oue to the more nearly normal angle of 
' approach of die peripherally generated detona- 

25 jion front over the central portion of the liner, 
•the velocity over the central portion of the 
jet will be. correspondingly increased-. This wiH 
therefore permit an increase in the after por- 
tion of .the get, and hence the ratio of explo- 

30 sive to metal around the base of the liner 
can be increased over and above ithat which- 
. is permissible with the smgle-point-initiated 
charge.. . 

. w<e k av e discovered that the mention pro- 
35 vides another very important advantage in .that 
merely by a small shift in position of die apex 
of die liner closer to or fartiier away from 
.the inert bairrier, the diameter of the hole pro- 
duced by .the jet from this charge can be 
40 varied over a several4old range/ the maxi- 
mum size hole being produced with die liner 
. at the proper distance to cause (the detonation 
front to conform in curvature to that of the 
'liner apex. : . 

45 A general object of the invention as diere- 
. fore to provide an improved shaped - charge 
the performance of which is characterized by 
more effective utilization of the energy avail- 
able in the explosive than has heretofore been 

50 possible. 

•Another object of the invention is to pro- 
vide an improved shaped charge which, upon 
detonation, produces a jet of higher overall 
* velocity than has heretofore been attained. 

55 A' further. object_of die invention is to pro- 
vide ah- improved; shaped- charge which not 
only produces a higher velocity jet ithan here- 
tofore, but which is so designed- that the 
• vdority of successive elements of die jet is 

60 distributed over a range of velocities suffici- 
ently wide 1» permit each element of the jet 
to most effectively expend its energy in effect- 
ing penetration of the target before -the next 
succeeding element strikes the target.; * 

65 Another object of the invention *ds to* pro- 



vide a shaped change wherein die shape of the 
detonation fron$ is altered in- a predetermined 
manner by a body of inert material embedded 
in the explosive charge. 

Yet another object of the invention is to 70 
provide, a shaped change wherein rthe size and 
.shape of the hole produced in a target may 
be predetermined solely by the relative posi- 
tions of certain" of (the charge components. 

Another object of the invention is to pro- 75 
vide a shaped charge incorporating a body of 
inert material embedded in die explosive 
charge, -and wherein the size and shape of the 
hole produced in a target may. be varied in 
predetermined manner by varying -the distance 80 
between die inert body and die liner;. 

A still further object. of the invention is to 
provide a shaped charge wherein, upon 
detonation, a; detonation front is developed in 
the explosive which is characterized by a, cen-- 85 
itral concave front and a peripheral or annular 
convex front. . 

Still another object of die invention is to 
provide a shaped charge incorporating means . 
for developing, upon detonation, a central 90 
detonation front and an, (initially separate and 
distinct peripheral detonation front, the time 
and* space relation of .the Jtwo fronts being 
such that they merge into a composite front 
having a concave central portion characterized 95 
by extremely high order pressure and particle 
velocity. 

Yet another object of the invention is to 
provide a shaped charge wherein the optimum 
stand-off distance from the base of the liner 100 
to . the .taiget is substantially less than with 
charges heretofore develop ed. 
. Still another object of the invention is .to • 
provide a shaped charge wherein die mechan- 
isn of jet formation is such that the degree 105 
of interdependence of the various .parameters 
of .the charge is substantially less than in 
t charges heretofore developed, 

A still further object of the- invention is to 
provide a shaped charge wherein die usual HO 
Slug or "carrot" may, if desired, be substan- 
tially eliminated. 

Generally speaking, based on our studies of 
detonation phenomena-, we 'have discovered and 
developed an* arrangement arid procedure or 115 
technique whereby a: detonation front of 
abnormally high pressure and- velocity can be 
developed in the explosive charge rearwardly 
of the liner, with the 'central portion of die 
front being concave and confonnihg in shape 120 
very closely ,to that of irhe apex portion of the 
hner. TMs is accomplished by developing a 
. combined peripheral detonation front and cen- 
tral detonation front in predetermined tune 
and space relation to .each other and ito the 125 
apex portion of the liner. The merging of 
these detonation fronts produces a composite 
front in which the pressure and .the detona- 
tion velocity greatiy exceed the sum of the 
individual pressures and velocities of the two 130 




14 



• fronts. Nof.ondy- js it possible Ma " «ta$h>^ " the 
shape. 'of. this .-. composite front to conform 
substantially, io diner. apices of different curva- 
tures, but it is also possible with the" improved 

5 charge design? -tx> produce a wide irange. of 

* Afttger hole sizes with the same Mner shape, 
by ..the simple- expedient of slight changes ah 
the position, of ithe .Hner/imvoivring merely: a 
slight change da loading technique.- 

10 . . Thfc. manner in which the foregoing and 
other objects may he apcomiplisbed will be- 
come -apparent from the foHowiing detailed 
description of a presently preferred embodi- 
ment of .the invention^ reference being had- to 

15 -the accompanying- dewing wherein: — 

[Figure 1 is a central longitudinal sectional 
view of a shaped charge embodying (the in- 
ventions and . 
Figure 2 is an .enlarged view similar to 

20 . Figure 1, iterating successive stages of pro- 
pagation of .the individual detonation fronts, 
dieir-merger into a single composite front, the 
progressive change in shape of the composite 
front and its impingement on the apex por- 

25 "tion of ahe liner. ■ 

Referring to* Figure 1, a charge case 1 is 
herein shown as cylindrical but " may be of 
any other desired shape symmetrical with 
respect *o the- charge axis, and "is .preferably 

30 of metal such as: steel, cast iron or aluminum 
but may if desSred be of non-metaffic manorial 
such as any of the commonly used plastics. 
A liner 2 of copper, or other suitable material 
is mounted hi the case in a conventional 

35 

manner. As shown, the apex portion 3 of the 
liner is. rounded and the side portions of 'the 
liner, are of gradually decreasing curvature^ It 
will be -understood, however, .that the specific 
shape of -the iiner" does not ramsfitute a sig- 

40 nificant aspect of the '.present invention and 
various other shapes may be employed if 
desired. •- — 

Rearwardly of the diner the case 1 is filled 
with an! explosive 4 having a high detonation 

45 irate, such as TNT, Cyclotol, "etc; Embedded in 
the explosive 4- adjacent the rear wall of the 
case is a? barrier 5 of inert material such as • 
steel " or other- meftals or " non-mettafe. The 
barrier 5 is disposed transversdy of the charge 

50 and is "symmetrical , and cc^al with the case 
and liner. As shown the fenrier 5 is of uniform 
dnctaiess arid is preferably in the form of a 
Segment of a sphere, although other shapes 
which are symmetrical v&th* -the axis of .the. 

55 charge may* be " employed, such" as ' conical, 
paraboloidall, *ei%)Soidal, or a flat" disc. The 
diameter or imnsverse'darnension- of the barrier 
is less than the mternal' diameter of the case 
1 : rheresby providing an anntiTus 6 of explosive 

60 surrounding the periphery of the barrier and 
joining -the bodies of explosive at the forward 
and rearward sides of Jhe btaSer. In order 
to provide" a layer of explosive V of uniform 
thickness between the' barrier "and the rear 

$5 wall flirf the case 1, the latter, is preferably also 



.hi .the form of a. segment of a sphere , or of 
other shape conforming to that of the barrier, 

-A tubular socket' 9 projects from the rear 
wdft of .the . case 1 in coaxial reMon thereto, 
and is perforated .transversely at 10 to receive 70 
a length of Primacord 11 or other detonating 
fuze. A booster pellet 12 is seated irr the 
socket ft between the Primacord 11 and the 
rear wall of the case, and is in direct con- 
tact with the explosive 7 .through an opening 75 
13 in the rear wall 8 3 it being understood that 
the explosive also fills the opening 13. The 
opening 13 should be small enough to assure 
concentricity of the detonation' front. 

It will be apparent that detonation of the 80 
Prima-cord 11 will detonate the booster 12, 
which in turn initiates detonation of the 
explosive U at the opening 13. Referring -to 
Figure 2, the detonaitdon front developed at 
the opening 13. initially expands spherically 85 
until it strikes the rear wall of the barrier . 
5, whereupon it is converted into a radially 
expanding circular- front progressing .through 
the kyer 7 of explosive^ successive positions 
of the front being indicated at 15, 15a and 90 
15ft. 

. Upon reaching Jtjhte periphery of, the barrier, 
the detonation front progresses therearound and 
•forwardly through die annulus 6 of explosive. 
As it passes -the forward peripheral edge of 95 
the barrier and enters the main body of 
explosive 4 it is free to expand both forwardly 
and radially inwardly .toward' .the axis of the 
charge. 'Hence, the forward and inward por- 
tion of the front assumes the form of a portion 100 
of the surface of a torus, as indicated by 
the corresponding pairs of arcuate dotted lines 
16, 16a land 16b. 

Meanwhile the detonation of the explosive in 
contact with the rear "surface of the barter 5 105 
has generated a shock pulse in the material of 
the barrier. This shock pulse, initiated at a 
point on the axis of the charge, progresses 
forwardly through the barrier as indicated at 
li7; lffia; Y7h and 117c, to the forward, con- HO 
cave "surface thereof. Also, as the detonation 
front indicated at 15, 15a and 15b expands 
•through the explosive layer. 7, it rolls along 
ithe rear surface of .the barrier 5 and generates 
a radially progressing series of shock pulses 115 
id .the barrier, which "progress forwardly 
•{through the barrier. * 

"Whetheror not .the explosive in contact with 
the forward surface of the barrier 5 will be 
detonated by the shock pulse ,-tensnntted 120 
through" the barrier/ and ^whether the detjona- 
tiotf is low-order or high-order 3 depends, 
generally speafcing, on the* intensity of the 
shock" pulse as at reaches the forward surface 
of the barrier and on the sensitivity of the 125 
explosive in contact" therewith. The intensity 
of the shock pulse afoer it passes "through the 
barrier depends on the miateriall of the" barrier, 
the .thickness of the central portion thereof, 
and .die thickness of* .die' central portion of the 130 
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'layer 7 of explosive which generates '.the shock 
puke. 

By way of example, on iteafe wherein; the 
explosive used was waxed " ffl>X" a military 

5 form of cydonite (CH 3 .N.N0 2 ), it has been 
determined that with a 'barrier. 5 of steel and 
with , a l/ltf inch .thick layer i7 of explosive 
which is detonate! by a booster such as .the 
pellet VI, if the (thickness of the central por- 

10 ition of the barrier h 3/16 inch or greater 'the 
explosive an conteact with .tjhe. forward- surface 
will trot be . detonated by dhe shock pulse. If 
the central paction of .the barrier is 1/10 
inch to 1/8 inch in thickness, the shock pulse 

15 transmitted through it will -inriittiaite low-order 
detonation of .the explosive at .the f orwiard side 
of the tanner; If .the central' portion of *he 
barrier is substantially less than 1/10 inch in 
.thickness the stock pulse win initiate high- 

20 order detonation of .die explosive at the for- 
ward side thereof . 

On ,the other, 'hand, from teats with charges 
in which the- type of explosive, ,the material 
and .thickness of ithe barrier 5, and the thick- 

25 ness of .the layer .7 of explosive were identical 
with .those referred to an the preceding para- 
graph,, but in which the booster pelletf; 7 was 
omitted: and detonation Was initiated directly 
by Primaooird, ait was found: tiait the optimum 

30 terrier thickness from the standpoint of depth 
of penetration was 0.059 intoh, as compared to 
0.10 ito 0.12«5 in the previously mentioned test 
results. This may be expiained by the feet 
ifchat the booster pellet 12 constitifljes in effect 

35 an additional .thickness oif explosive behind the 
central p'ordon of die barrier. This points up 
(the important . influence which the .thickness 
of the explosive exerts on the initial velocity 
of the shock pulse developed m tiie barrier. 

40 'It is (thus apparent -that by the selection of . 
a barrier of appropriate material and thick- 
ness, or by varying the effective thickness of 
(the explosive behind .the bander, any one of 
three distinctly different detonation front conn 

45 ditions may be produced in the explosive for- 
wardfly of the barrier — (a) a converging, high- 
order peripheral donation front only; or (b) 
a converging, ihigh-Oirder peripheral detonation 
front and a delayed, expanding, low-order' 

50 central dfctonation front; or (c) a converging, 
high-order, peripheral detonation front and! a 
delayed, expanding, high-order central: deton- 
ation front. 

The respective characteristics of ithe' two' 
55 distinct .types of detonation known, as "high- 
order ir and " low-order " detonation are well 
known -to those ifiamiliar with explosives and 
have been- delineated in many publications 
dealing * (with explosives. »A iweM-feiown 
60 example of such publications is " Detonation 
in Condensed Explosives " by J. Taylor, 
Oxford Press, 1952, -London, England. An 
explanation - and discussion herein of those 
phenomena is therefore not deemed necessary. 
65 As has been* pointed out preynously, a con- 



verging peripheral detonation front alone (con- 
dition (a) ab'ove) is not conducive to proper 
jet formation. The apex of the liner is not 
the first portion "of the : liner .to be given a 
velocity as is ,the case with sioglenpoint detona- 70 
tion. Instead, $he detonation front first; contacts 
a ring of material farther down on the liner. 
Since this, first contacit as normal .to the sur- 
face, that portion of the liner wili be given 
a high vefloctbty. As .the detonaitfoiiL front rolls 75 
along jthe surface of .the 'liner in : the direction 
of .the apex, the angle of approach becomes 
less, than 90° and the material is given a 
lower velocity ahan the . portion of the liner " 
•first contacted. This iower^velotdiity material is 80 
projected into the region where tiie jet is 
being formed and disttjurbs the jet formation. 
However, as the detonation - front reaches the 
apex, it converges and meets at a point. Such 
a meeting of detonation fronts produces, at 85 
Jthat point, a pressure estimated to b'e ini 
excess of fifty million psi With such a pres- 
sure at a point, a jet of extremely Mgh-vdocity 
material .is projected infco the zone where the 
get proper is being formed, and since rfie lower 90 
velocity material has already been projected 
inito .that zone, Ithe collision of the extremely 
highMvelocijty material wfiith it tends to disrupt 
ithe process, oif- jet- formation.. Although .the 
process of jet formation proceeds in an orderly 95 
manner ini the lower pontfon of the liner, the 
cKsturbance in- tiie formation of the apex , of 
the jet has been such as to prevent its superior 
performance. This interference can be pre- 
vented to some extent. if .the distance between 100 
the zone of peripheral initiation and the apex 
of .the liner is increased, which accounts for 
ithe belief that in order for peripheral deton- 
ation .to function properly, an excessive amount 
of exploswe is required. 105 

'We have discovered that if conditions are 
such as to produce a high-order central 
detonation front and a high-order peripheral 
detonation front, the codMsion of two such" 
high-order fronts produces a sharply defined 110 
annular zone of extremely high pressure.. If 
•the liner be located close enough to the 
barrier to subject any portion of the liner to 
die effect of .this 'sharply defined, annular 
high-pressure, zbne, there results a marked 115 
decrease in. the effectiveness of ithe jet. This- 
is aWi'buted- to the sharp boundary-cut'ting 
effect of the annular high-pressure zone on 
ithe liner, producing a sharp discontinuity in 
the vedodty gradient of the jet. tb the other 120 
hand, 5f the liner be located far enough away * 
from the barrier to avoid ithe sharp boundary- 
cutting effect of she high-order detonation" 
coliKsion zone, the performance of the charge 
is strikingly similar to that 'of a * conventional 125 
charge having single-point initiation!" This" in- 
dicates that the axial- spacing between the 
liner and ".the" biarrier" is so greajt "that" -the 
initially centrally concave detonation front has 
been converted to a conventional convex 'front 130 
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before . it reaches. ,the ape* of. ithe liner, and 
hence, .that . ithe; advantageous .effect of " the 
■.sbajiigr ..has ;been. dissipated. ".It. therefore 
J" appears .Shaft- less advtotag^us results are 
5 . oWifi^fi- ^hen .tiie paimnetsrs. of the compon- 
eats, of a bairi^Htype charge/are suchW to 
. 'pxoduog : .<xxtt^./jaigi peripheral .detonation 
fronts wMth are h^th of ;Mgi-orfer..- 
>Onie of (the mpsj; dmppptanit. and most sag-. 
10 -. irMdint aspects ..of .ithe invention "is. our dis- 
. coyagr.ithat - with the proper ^tLonsMji be- 
itween. .rtihe .type of ex-rteive, jthe. farrier 
- material and feckness, and the thickness of 
. explosive behind .the cen'&ail ponton of (the 
15 frarriar to develop a~lQw-prder central detona- 
tion front and a 'Mgh^r^-P-^pl 1 ^ 3 ^ detqua- 
. aim fflfflr. at die forward side of the bamer, 
marked and unprecedented improvements . in 
charge peafarmance from any .standpoints, . as 
20 well as, several od^.,ouis5fan^g.advm4g^ 
Can _* : be a^eved. These improvements and 
. advantage^ which wilifc be explamed more in 
detaii ihsr^afW, are ^brieflyr. as follows 

(a) .gjreatiy. incensed depth x>f target pene- 
25 ..... jtraHBHt and volume of .target hole for 
^ given ajnount of explosive; ; . 
(ib) -wide variation in ..the . cross-sec^orM 
J jarea of .the aa^ffihole by yatyin^only 
. the amount, of explosive while mainr 
30 mu&flg tfl-.ofehec components the samep 

(c) substantial ireductioo in the number of 
parameters which effect peribimance, 
masking possible ithe . development, of 
a simple equation defining the relation- 
35 : .' ship of. .the agnificanit parameters; 

,(d) substantial reduction in optimum stand- 
off. . distance (from . base of liner ib> 
. . mjft ■;' t 
. (e) substantial ehnaMation of the usual slug 
40 . .\-_or "carrot" 

The mechanism of development of .the 
onimailfy separate, low-order, central detonation" 
* : front and high-order .peripheral detonation 
front,, their merger into a composite front 

45 having a concave cmtral regirpni and .the .'pro- 
gressive change in the contour of this front, 
will be made dear by irdference m Figure 2 
of i(he dtawing. as shown- .therein, .the dot-(and-. . 
dash" lines 18, ISte and 185 represent succes- 

50 sive positions of the iow^order expanding cea*- 
trail detonation feint initiated by the shock 
,pulse. ;transrnitted through the barrier 5. The 
' meeting of this front with ^ie converging peri- 
pheral detonation front, indicated ait -16, 16 a 

55 arid 165 produces a compojsate front which 
mitMy comprises .the portions V6b and 1'8&. . 

The juncture of the central front 18b with 
the peripheral front V% initially produces an' 
annular, shaijply concave region Mdicated at 

60 19, wherein the radius of curvature is very' 
ana® and die pressure and -the paitiscle. veloc- 
ity, are considerably Mgher than at other points 
on .the composite front. Consequently this por- 



tion .of the front has a* greater .velocity -than 
die remainder of .the front, resulting in a pro: 65 

. gtressive. increase in- radius of curvature.- in 
that region. . 

It wffl be observed that the peripheral por- 
tion 16b: of the initial stage of .the composite 
fmnt.is. considerably in advance of -the central 70 
px>itionj..l 5 8i. This.resnlts from .the cumulative 
d&Cfc.oLseve^ time-delays occurring, in .the 
generation of the cental front 186. The first 
time lag. occurs in imparting .vdoxaty to- the 
surface particles of the.bander 5 at .the inter- 75 
face -widi . . the explosive layer 7j to generate 
the shock pulse liL Anoither Jt&ne-d^ay is .the 
result of ahe lower. velocity of jthe shock pulse 
1)7. in jOTipTOson with that of the high-order 

. detonation pulse . travelling through the explo- 80 
sive aroundi the . barrier- The shock pulse 
velocity in a . steel barrier is only about one-: 
f oucth that pf . the detonation pulse. Conse- 
quently the successive positions of .the shock 
pulse front indicated at 17, 17a, 17fr and 17c _85 
approximately correspond respectively to the 
positions 15^ 15a, ISb and 1ft of the detona- 
tion front. . : : . . . . 

. - . 'Another time^delay occurs in .the initiation 
of detonation: of .the ^plosive at ,tiie central 90 
forward side of die barrier 5 by the shock 
pulse. Lastly, if itjhe barrier is such as to cause 
the shock jpulse to generate low-order detona- 
tion "of .the explosive, the considerably lower 
velocity of the low-order detonation pulse wiH 95 
cause an addMonal tiime delay. Thus, .the. loca- 
tion of ithe low-order detonation front indi- 

. cated. at 18 will correspond in time to that of 
ithe shock pulse front mdicated at li7tf which, 
as stated above^ corresponds m the location of 100 

-Jhe peripheral detonation front indicated at 
l€v^As_tiie front 18 moves successively .to the 
positions. 18a. and,!^ (the front 16. moves to. 
she positions l&and 166. 

It will be understood that the aforemen- 105 
tioned time-delays are of ihfinitesmial order, 
but nevertheless sufficient to cause the for- 
mation of a composite front such as 16&, 
18& having a periphera'1 portion 165. in 

. advance of its centrali portion 18&. 110 
. An important and advantageous character- 
istic of the. meeting of "a low-order c^itrai 
detonation front and a high-order peripheral 
detonation) front is that it does not produce 
a- sharply .defined, extremely high pressure 115 

. .zone as in the case of the collision of two 
high-order detonation fronts. Instead of a 
sharply defined annular zone of extremely 
high pressure resulting from the collision of 
a Mgh-order, expanding central; "detonation 120 
front and a high-order, converging peripheral ' 
detonation front, which, as stated previously, 
produces a sharp boundaryK^ttjng effect, the 
meeting and merging of a low-ordef central 
detonation front with a high-order peripheral 125 
detonation front produces a zone of consider- 
ably lower "pressure, distributed over the enr . . 
tire central area of the resulting composite 
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front. This distribution is the result of a 
merging, as distinguished from a collision, of 
the two fronts* 

As the composite front advances toward ithe 
apex of .the liner 2, the concave annular region 
19 which jobs the central; portion with the 
peripheral' portion gradually, flattens out and 
eventually merges with the central and peri- 
pheral portions to produce a concave-convex 
front, as indicated successively at 20 and: 21. 
At a certain distance forwardly. of the barrier 
5, this front has a central concave portion 
substantially conforming to the curvature of 
the spherical apex portion of the liner 2, as 
indicated at 22. In the illustrative embodiment 
the fliner is positioned with its apex at the 
proper distance from the barrier. 5* to achieve 
this conformity'. Accordingly, :the entire 
spherical apex portion of the liner is subjected 
. simultaneously ;to the extremely high pressure 
and velocity of the concave central portion of 
the detonation front. A relatively large por- 
tion of the liner is therefore concentrated in 
the forward, maximum velocity portion of the 
■jet. This is in striking contrast to the jet 
formed by a charge m which detonation is 
initiated at a single point and' the convex 
detonation -front itravds along the axis and 
strikes the apex of the liner. In the latter case 
only a' relatively small amount of the material 
of the liner is concentrated in the forward, 
maximum velocity portion of ithe jet. 

Inasmuch as the particle velocity at any 
point on the detonation front is a maximum 
in a direction normal to the front at that point, 
as indicated by the arrows 23, and', inasmuch 
as in .the arrangement shown in- Figure 2 each 
point on the central concave spherical- portion 
of the front Impinges on the apex of the liner 
in such normal direction, the maximum 
velocity is substantially simultaneously im- 
parted to the entire mass of that portion of 
ithe 'liner. As the detonation front advances 
beyond the last position shown in Figure 2, the 
angle of approach of the front to the side 
portion of .the liner progressively decreases 
from 90°. Other factors being equal, this) 
serves to reduce ithe velocity imparted to suc- 
cessive portions of the 'liner material. Further- " 
" more, the thickness of -the explosive, measured 
normal to the surface of the liner, decreases 
forwardly and has a further reducing effect on 
the velocity imparted to successive portions of 
the liner. The desired velocity gradient along 
the jet is .thus attained*, while still providing 
an average velocity considerably higher than 



that obtained previously, by virtue of the ex- 
tremely high velocity of ithe forward portion 
of the jet. 

By virtue of the higher pressure and velocity 60 
of a concave detonation front, as compared* to 
that of a planar or convex front, : tjhe curva- 
ture of the central concave portion 22 of ffche 
front decreases as the front advances beyond 
the last position shown in Figure 2. Hence, 65 
if the liner 2 were positioned with its apex 
farther from .the barrier 5 the concave central 
portion of tiie front, would be of less curva- 
ture than that of the apex of the liner at the 
instant of impingement of the front on the 70 
liner apex* Consequently the front would 
strike ithe liner first ag a point on the axis 
of the charge, followed by successive impinge- 
ment over an expanding spherical-area of the 
liner apex. 75 

Conversely, if the liner 2 were positioned 
closer to the barrier 5 than as shown in Figure 
2, the curvature of the central concave front 
would be greater than that of the liner apex 
and consequently the initial contact of the SO 
detonation front with .the liner apex would be 
along a circular concentric path spaced from 
the axis. In each of these instances the por- 
tion of the iliner forming the forward portion 
of .the jet would' be extruded in a mass of 85 
smaller diameter ithan under the condition 
shown in Figure 2, and a smaller hole would 
be formed in the target, 

It is thus apparent that the target hole 
size may be varied over a considerable range 90 
by the simple expedient of varying the axial 
distance between the liner and the barrier, 
and using identical charge components except 
for a variation in the amount of explosive. 
This is an important and highly advantageous 95 
feature of «the present invention. 

The foregoing statements concerning vari- 
ation of target hole size have been confirmed 
experimentally. Numerous* tests have been 
conducted under simulated oil well conditions, 100 
wherein the targets were sections of well cas- 
ing of .375" wall thickness, surrounded by 
aged cement simulating oil-bearing rock for- 
mation such as sandstone or limestone. Typical 
results are shown in Table I below, which 105 
shows a comparison of target hole sizes 
obtained in the weld casing with charges which 
/were identical except for variation of (the axial 
distance between the liner and- the barrier and 
a corresponding variation in the amount of 110 
explosive. 



Weight of 
Explosive 
(grams) 

15 
19 • 
23 
26 
29 



Table I. 

Dia. of Hole Depth of Penetration 
in Well Casing in Formation • 
" (inches) ... (inches)" 



-.462' 
\550 
.740 
.437 
.375 



9.1 
- 9.8 
10.65 
9.5 
9.0 



Volume 
of Hole 
(cu. in.) 

3.1 
3.67 • 
4,25 
2.50 
3.00 
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• - The. chargesr used ■ m the foregoing and. 
.numerous oi£er. tests, .are. typicaL of charges 
which have been* developed embodying die 
present invention, and in which emphasis has 
. 5' been placed on ,the diameter of the hole pro- 
duced* in- -the target, rather ithan oh obtaining 
- maximum penetration irrespective of hole 
size. IBy way of" example, structural details, of 
the -charges .used in the itests referred to above 
.10 are given as follows: — 
. . The case. 1 ;is of standard. 1£ inch inside 
diameter steel tubing of 1/16 inch wall thick- 
. nessi the rear wall. -8 being formed of 11 gauge 
steel plate pressed with a 2$ inch ball to a 
15 .1-1/5 inch radius of curvature and welded to 
. the/end, of the case. The booster socket 9 is 
. welded to .the. rear waff # and is of a suit- 
able size and. shape to accommo date the par- 
ticular type of booster pellet : 12 to be used; 
20 The barrier: 5 is made from circular blanks 
of 11 gauge steel, pressed with a 2 inch ball 
to a 1 inch radius of curvature. The liner 2, 
of copper, has a 50° included angle with an. 
apex radius of curvature on the inside of £ 
25 inch and a uniform wall Sickness of 0.030 
inch. The outside diameter Of *be base of 
the diner is about 0.003. inch larger than the 
.inside diameter of the case, Rhus* providing an 
interference fit to hold lie .liner snugly, in 
30 position when pressed into ?the case. 

* The explosive charge 4 and the layer of 
explosive 7 rearwardly of- the ..barrier 5 are 
waxed, granular/ " ROX " pressed \o_ . 
psi. The loading operation" is performed in 
.35 two stepfr-Hfost, 4 grams- of . explosive are 
pressed "to form .the layer 7* about 1/15 inch 
in ithickness; the, barrier, is" "then inserted and 
me .remainder of the charge is then loaded 
and pressed. The liner 2 is *hen pressed into 
46 snug "contact with the main charge. The . 
quantity of explosive in the main charge 4 
will' vary in accordance with the jtarget hole 
size deskedy as pointed out hereinabove. In 
the jtests from which the results given in Table 
45 I above were obtained, the explosive weights 
..of \% \% 23, 26 and 29 grams represent 
the total amount . of explosive including the 
4-gram layer 17- ' 
It. should be painted, out $hat it -is qot 
50 necessary to directly, determine the axial dis- 
. tance between the barrier -5 and! the apex of 
ithe liner 2, inasmuch as this distance is rela- 
tive and is indirectly determined by the 
amount of explosive in the main charge 4. It 
55 is, however, necessary to determine experi- 
mentally the performance data of a charge of a 
particular design. An important characteristic 
of shaped charges embodying the present in- ; 
. vention is .that b]r virtue of our newly devel- 
60 oped and entirely different mechanism of jet 
.formation, .the number of variables which 
..materially affect charge performance,, and 
which are changed by unknown amounts by 
changing .other variables, has been greatly re- 
65 duced. For example, an analysis of a large 



quantity of test data involving identically- 
designed charges of different sizes has revealed 
that the ratio of ithe depth of penetration to 
.the base diameter, of the charge liner is fairly 
constant over a reasonably wide range of base 
diameters of the liners. This ratio, which is 
an effective criterion of charge performance, 
may be expressed by : • 

. K=P/d. (1) 

where; 

P= depth of penetration of the target; 
'. d=base diameter of the liner, and 

K= ratio of depth of penetration to base 
diameter of the liner. 
. In a series of identically-designed charges 
of different sizes, the weight of explosive is 
proportional to the cube of the base diameter 
of the liner;- or 

W=Gd 3 (2) 



or* expressed * differenldy, 



(3) 



where: 
' W= weight of explosive; 
C= weight of explosive in a charge, whose 
base diameter of the hrier is unity. 
By combining equations (1) and (2% the fol- 
lowing equation is derived : 



W~C(P/K) 3 



(4) 



. It will, be apparent that by substituting in 
equations (1) and (3) the values W and d of 
a given charge exemplary of a series of the 
same design, ahd'the value of P obtained from 
test firings of such a charge, the values of the 
constants C and K for that design may be 
- determined. When these values of C and 'K are 
substituted in equation (4) above, one may 
fetermmeneither the penetration which may be 
expected from a charge of the same design 
having a weight of explosive W y or the weight 
of explosive W required to produce a desired 
penetration. *• 

By the use of "the. foregoing equations in 
conjunction with test data from a few types 
of special-purpose charges of varying designs, 
it is thus possible to" select the proper design- 
for a particular purpose and, to calculate the 
actual charge dimensions for a particular size' 
of the selecfl£l~design. The determination of the 
proper amount of ! explosive required to pro- 
duce a desired target hole size with a 
selected design, and charge size, if hole size 
should be a major consideration, can be 
accomplished by a few simple experiments 
which involve merely varying the amount of 
explosive between liner and barrier while using 
otherwise identical charge components. The 
effect of such variance within the range of 
feasible hole sizes is minor. 

From the foregoing detailed' description of 
one embodiment of the invention and the 
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accompanying description of the newly devel- 
oped andi proven theories of detonation and 
of jet formation in a shaped charge, it 'will 
be evident that by following, these teachings a 

5 shaped charge having superior performance 
characteristics may 'be produced. "Furthermore, 
by the application of the principles set forth 
hereinabove to tie design of shaped charges 
for various uses and purposes and to meet 

10 various conditions of use, it is possible to 
"itailoff" a charge design for optimum per- 
formance under a; given set of conditions. 

•For example, if a large ihole is desiredi, the 
charge may Se. designed to provide a relatively 

15 large radius of curvature of the iliner. Appli- 
cation of djhe principles of this invention 
permits lie concentration of- a large portion 
of the material! of the fiiner apex in nine for- 
ward;, maximum-velocity portion of the jet. 

20 Thus the liner is disposed at the proper dis- 
tance from- the barrier to cause the curvature 
. of the central concave portion of the detona- 
tion front to substantially conform, to the 
curvature of the iliner apex at the instant of 

25 impact of the detonation front on the Hirer 
apex. Conversely, should a smaller hole size 
be, desiredi, a smaller radius of curvature 
would be utilized, and again in order itjo attain 
maximum efficiency the Mner "would be das- 

30 posed at a distance from the barrier to per- 
mit conformation of the detonation front to 
"the liner apex curvature. 
Reference has previously been made to the 
. three distinctly different detonation front con- 

35 ditions produced at the forward' side of the 
barrier, depending on- the type of explosive, 
the material and thickness of the barrier, and 
ithe thickness of the explosive behind) the cen~ 
trail portion of the barrier. In addition to .the 

40 criterion afforded by the pronounced increase 
in target penetration when conditions are such 
as to produce a low-order central detonation 
front and a. rrigh-order peripheral detonation 
front, another arid even more positive and 

45 reliable indication is available from "test firing 
of charges from which it can be definitely 
determined which of the three detonation front 
conditions were produced. This indication is 
afforded' by an examination of barriers after 

50 test firing of the charges. 

Inasmuch as ' the time interval' between 
detonation of the rearward layer 7 of explo- 
sive and detonation of the main explosive 
charge 4 is infiititesimally small, of the order 

55 of one micro-second, the forward velocity 
which would otherwise be imparted to the 
-barrier >3 by_ detonation of .the explosive layer 
»7 is counteracted and offset by the" rearward 
velocity imparted, thereto by detonation of 

60 the main charge 4. Accordingly' upon firing 
the charge the barrier remains practically 
motionless and, in tests with charges having 
steel barriers, the -barriers can be found in 

. . close proximity ix> ithe original position! of the" 
65 charge, intact and undamaged by impact: oh 



any objects, in the. vicinity. The physical 
appearance of the barriers wiil, however, 
undergo certain specific and distinguishable 
changes, depending on which of {the three 
aforementioned detonation front conditions as 70 
produced* 

Thus, if conditions are such as ico produce 
a high-order central detonation, front and a 
Mgh^order peripheral detonation front, Ste 
sharply defined annular zone of extremely 75 
high pressure produced by. the collision of 
these two high-order fronts forms a sharply 
defined circular cut or groove in the forward 
surface of the barrier close to the periphery 
thereof. This definitely identifies this con- 80 
dition. 

If, however^ conditions! are such: as .to pro- 
duce the preferred combination of a low-order 
central! detonation front and a high-order 
peripheral detonation front, ihe distributed 85 
zone of moderately higher pressure produced 
by .the merger of these two sfronts forms , a 
shallow depression of substantial' widtfo in the 
forward surface of the barrier., iBecause of 
the relatively lower velocity of the low^xrder 90 
front, as compared ifc> that of a high-order 
front, the region of initiali meeting of the 
fronts in this instance is at a shorter distance 
from the axis than in the case of the collision 
of Mgh-prder. central and peripheral]: (fironts. 95 
Hence both the location and She form of the 
indenaation of groove provide positive means 
of distinguishing between the two above-men- 
tioned conditions;. 

Lastly, if conditions are such as to prevent- 100 
the development of a* central detonation front, 
by shock pulses transmitted forwardly through 
the barrierv the extremely high pressure 
developed) along the axis of die charge, by the 
converging: of the peripheral! foont and its 105 
meeting ait a point on the charge axis, pro- 
duces a high velocity "get in both directions 
along the charge axis. The rearwardly directed 
jet blasts a large hole through -the "cento! 
portion of the barrier , but there is no indica- 110 
tioni on its forward surface of a collision or. 
merging of detonation fronts, as in "the other 
two cases. This condition- can rtjius be identi- 
fieoV - ■ • - - - - 

It has also been stated previousHy' that 115 
the optimum) stand-off distance (from the 
base of the liner to Ithe target) of shaped 
charges embodying the present invention" is 
substantially less than with charges heretofore* 
developed. This is another result of the differ- 120 
ent mechanism' of jer formation. 'According 
to the generally accepted "theory of the mech- 
anism of jet formation in" a* conventional 
shaped!" charge having single-pouit initiation of 
the -main charge, the Kinef is collapsed ladaaiUy 125 
inwardiy upon" itself and the forward portion 
of the jet contains liner* particfes which -are 
extruded forwardly from (the: centre of the 
collapsed Hnef by the extreme inwardi collaps- • 
ing pressure. This extrusion of liner material " 130 
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occurs while "die c'oHapsed liner " as being 
propelled; forwardly. at a lower velocity than 
that of the "exlxuded material, and , it is 
beKevedhto-be for : this* ; reason" that a stand- 
5 off -appiolimately equal! .to- the diameter of 
the charge must be -provided in order to per- 
mit this mechainsm- *to function properly. • 
". Or* the other handy in a ^arge embaying 
the present invention a subsi^ntial^portion of 

10 the hner. at; the apex end is projected for- 
wardiy aidhg^ the laxis at air extremely high 
initial! velocity and;, -from the start of jet ' for*- 
mationy forms the forward portion of the jet. 
The effective stsuidwtff in; this instance might 

15 well? be' measured from a- point near the apex 
of the liner rather than from its base. Hence 
- the ^tand-ofi distance^ from the base of ithe 
liner' fo' the target ri^ be merely a small 
fjractic^" of that- required) for conventional 

20 " charges- This is obviously) a <tf<stinct advantage 
w uses of shaped chargesf wliicb impose severe 
restrictions on the permissible over-all- length 
of fihe* chaige plus the stand*off distance. 
"-Y©h another -important, characteristic of 

25 shaped barges' embodying the present inven- 
tion, which is of particular advantage in cer- 
... tain fields 'of uise, is that the 'usual slug or 
^carrot" may, if .desired, be ^bstantially 
. eliminated- This is believed iro be due pri- 

30 marily .to; the following factors : first, a large 
portioh of die liner,; starting at its apex endv 
is projected " into the forward m axnmiTmr - 
velocity portion of the m an* is'disrnte^ted 
during the . process of penetration into the 

35 target] secondly ihe "enhanced velocity gracH-r 
ent" along the jet assists in disMegration of 
the i mtermediate and; base portions of "the 
liner; and 'lastly, -.because* of. the more effici- 
ent utilization of the available energy of ahe 

40 explosive by - the higher .average- velocity of 
me jet and She improved distribution of 
velocity 'along' the ^'et, it is possible to use a 
linef of less wall tMckhess* than is required- 
for optimum " performance of a conventional 

45 shaped^ai^V resultin in a reduced amount 
of r^dua'Knn'eV material to form a slug." 
- iWlhile there has been iUustirated and' de^ 
scribed herein bu*a. single emboument of <tte 
present invention it will be apparent to those 

50 skilledih tie art^that various modifications 
and changes in the shape, material and-relatiye 
positions of the various components may be 
made without -d^artjng from the essence of. 
the kventiok' It is intended ito cover herein 

55 " aU such modifications and changes as come 
within ithe true scope and spirit of the 
appended claims. - 

"Whatwedaimis": — < ' 

1. A ! shaped explosive charge having a 

60 cavity at its forward end, a hner of inert* 
material liriihg saidi cavity; arid' a detonator 
at its rearward end", "characterized by a barrier 
of inert: materiall embedded in the explosive 
rearwaxdiy of said cavity and having explosive 

-65 itt contact witfc' a!$ surfaces thereof whereby.. 



a* detonation front initiated in ithe explosive 
rearwardly of . said barrier will propagate at 
high ;order around ,said barrier and initiate a 
high order .annular detonation front in the 
explosive at the forward side of said barrier, 70 
said barrier being substantially, in the form pi 
a: disc disposed substantially coaxialiy with 
said charge^ the axial 1 tttfrickness of said 'barrier 
being substantially less than its diameter and 
being within the range wherein a shock pulse 75 
transmitted forwardly therethrough^ by deton- 
ation of ithe explosive in contact with the rear- 
ward surface thereof, will be of such inten- 
sity as to initiate a central detonation front 
in the explosive in contact with the forward 80 
surface thereof. 
2. An explosive charge according to claim 
in which the barrier is .formed .to pro- 
vide a .forwardly. and laterally inwardly ex- 
panding annular . detonation front and a for- 85 
wardiy and lateraBy outwardly expanding 
central detonation front- 
s' An explosive charge according to claim 
2v in which the barrieri is adapted fco cause ithe 
annular and central detonation fronts to meet 90 
and merge into a single front having a con- 
cave, central portion- 

; "4* An explosive charge according to claim 
3, in which the barrier is formed to cause 
the single detonation front tto impinge on the 95 
liner when the curvature of the central con- 
cave portion of the front substantially con- 
forms to the curvature of an apex portion of 
the liner. . '" 

5v An explosive charge according to claim 100 
3 : or 4, in which Ithe barrier is effective to 
cause a time delay in the development of the 
central detonation front. ■ 

i6. An explosive charge according to any 
one of the preceding . claims, in which ithe 105 
barrier causes formation of a highrorder an- 
nular; detonation front and 1 a low-order central 
detonation front* . • . 
% !7. An explosive charge, according jto any 
one of the preceding claims, in which .the 110 
barrier is adapted to transmit forwardly there- 
ithrough a shock pulse produced .therein by 
detonation of the explosive rearwardly there- 
of, the ratio of the thickness; of the barrier, 
to Ithe effective thickness of the explosive at 115 
the rearward side" of the barrier being within 
the range causing" said shock pulse to have a" 
velocity sufficient to detonate the explosive at 
the forward' side of the barrier, and cause- 
formation of the central detonation front. 120 

ft. Art explosive charge according to claim. 

in which said ratio is vrathin the range caus- 
ing the shock pulse to have a velocity suffi- 
cient ito initiate low-order, detonation but in- 
sufficient £o initiate: high-order detonation of 125 
the explosive at the -forward side of the 
barrier.; * ' ~' m . 

9. An explosive charge according to claim 
5ft, in which, witrf an explosive having a deton- 
atioarate on the order of that of cyclonite, 130 
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and' with a ibaxrier having a shock pufee tranfr- 
mittibility on itbe order of ijiat of steely the" 
radio of the thickness of itfoe barrier to .the 
effective thickness of the explosive at the rear- 
ward) side of the barrier is 'between 0.»5 : 1 
and2:l. 

10. The shaped' explosive charge substan- 



tially as hereinbefore described} "with reference 
to and as illustrated in the 
drawings. 

STEVENS* LAiNGINiBR, PAIRIRY, 
l& ROLMNSON, 
Chartered 1 Patent Agents, 
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